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Nghién ctru cac mau gach co6 & Thap Cham
My Khanh - Thira Thién Hué

Phan Van Tuong', Tran Ngoc Tuyén?

'Khoa Hod, Trieong Dai hoc Khoa hoc Tie nhien, DHQGIN, 19 Lé Thanh Tong, Ha Néi. 3ict Nam
“Khoa Hod, Triecme Dai hoc Khoa hoc. Dai hoc Hue

Nhan ngay 26 thing 02 nam 2009

Tom tat. This paper presents the results of investigation into the ancient bricks of My Khanh

Cham Tower, Thua Thien Hue province.

The ancient bricks were characterized of X-ray

diffraction (XRD), thermal gravity - differential scanning calorimetry (TG-DSC), scanmug
electron microscopy (SEM) and the activity of lime adsorption was also coucerned. The results
show that the ancient bricks were made latenite clay with rice husk and calcinated at temperature
less than 900°C. As a result, the obtained bricks were acidity porous matenals and unstable in

basic medium as Portland cement.

1. Dat van dé

Thap Cham My Khanh thu¢e xa Pha Dicn.
Phi Vang, Thira Thién Hué. Theo danh gia cua
cac nha nghién cuu. thap My Khanh ¢d thé
duge xay vao khoang thé ki tha VHI (cach dav
khoang 1200 nam). Hoi do co thé thap My
Khanh duge xdy dung c¢iach kha xa mép nuoc
bién, nhung do & ving nay bién xam thuc vao
bo rat manh nén hién tai thap chi cich mep
nude bién khoang 100 m va bi chim dudi 9m
cat. Mong thap nam trén lop dém cat sdi mong
roi dén Iop dat sét xam déo. Thap Cham My
Khanh thudc dang Madapa duge lop bang mai
ngoi nhe. Phan mai da bi huy hoai theo thoi
gian, do dé lién két giang dau tuong cling
khong con, lam cho két cau som trd thanh phe
tich. Truge tinh hinh do, vi¢e phuc ché thap My
Khanh 1a yéu ciu Lap thiet. Cho dén nay co
nhiéu tac gia da nd lyc nghién ciru va dua ra
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mét s6 gia thiét nguoi Cham da xay dung thap
Cham nhu thé nao va dé xudt cac phuong phap
nham phuc hdi mot sb thap Cham & mién Trung
Viét Nam [1]. Tuy nhién, cac gia thuyét cing
nhu cach thuc phuc phuc ché van con nghi van
di va dang dugc tiép tuc nghién ciru. Trong
nghién ciru nay, chung toi trinh bay mot sé két
qua v¢ cdu tric va thanh phan Each xdy dung
thap Cham My Khanh d¢ cung cip thong tin
khoa hoc can thiét dé co thé ap dung trong viéc
phuc ché Thap Cham My Khanh sau nay.

2. Thuc nghi¢m

Cac mau gach lay tir thap Cham My Khanh
duoc ki hiéu lan luot la MK1, MK2, MK3,
MK4 va MKS (Bang 1).

- Mau MKI: C6 2 vung mau khac nhau rd
rét, vung phia ngoai c6 mau gach non, vang
nhat. day khoang 2cm. bao boc lay ving phia
trong ¢6 mau den, ti I¢ di¢n tich cua 2 vung nay
twvong duong nhau. Chung téi ldy 2 mau la

VMK (vung vo phia ngoai) va RMKI la vung
rudt den phia trong.

- Mau MK2: Toan vién gach chi ¢6 | mau
héng nhat cua gach non. Ching téi lay 1 mau
rudt phia trong va ki hi¢u 1a RMK2.

- Mau MK3: Coé 2 vung rd rét, vang rudt
mau den phia trong chi chiém khoang 1/4 bé
mat vién gach va nam léch vé 1 phia. Vang vo
ngoai ¢ mau héng chiém 3/4 bé mat vién gach.
Ching t6i ldy 2 mAiu, ki hiéu VGMK3 (vo
ngoai) va VDEMK3 (rudt mau den).

- Mau MK4: Toan bo vién gach déu co mau
héng nhat, khong ¢é ving mau den. Ching 16i
liy 1 wdu, ki hiéu la MK4,

- Mdu MKS: C6 2 ving rd rét: viing giita ¢6
mau den, chiém 3/4 bé mat vién gach. Ving do
ndu bén ngoai chi la 1 lop mong day khoang
lem. Ranh gigi 2 mau chi la mot duong ngoan
ngoéo, ching ti chi ldy mét miu va ki hiéu la
MKS.

Bang 1. Kich thuoc va khéi lugng cac miu

N Kich thud ‘.
Mau .IIC uloc (cm) Khot lugng (g)
dai  rong cao

Khéi luong thé tich (g/em’)

Nhin xét

MKI 154 66 36 ~700 1,90
MK2 192 62 43 ~915 1,78
MK3 18] 64 40 ~920 1,98
MK4 194 67 4.5 ~1051 1.79
MKS 180 62 4,1 ~1012 2.21

Bé mat dé vach

3¢ mat dé vach

Bé mat kho vach

Rin chic, khong vach duoc
Ran chic, khong vach dugc

Anh cac mau nghién cru dugc trinh bay & hinh 1.

5 o Ty T

Hinh 1. Anh cla cac mau gach ¢6 My Khanh.

Tét ca cac mau gach nghién ciu déu xdp co
cac 16 trong kich thude khéng dong déu. Co
nhirng 16 trdng 16m kich thude dat toi 8 dén 10
mm, nhung phin 1on 1a cac 16 tréng nho.
khoang Imm. D¢ rin cla ciac miu MK3, MK4
va MKS cao hon nhiéu so voi mau MK1 va
MK2. Ngoai ra con 2 goi bjt khoan ¢ thap dugce
ki hiéu nhu sau: BMKd la bot khoan mau do
gach, BMKx la bdt khoan mau do xam.

Thanh phan pha cia mau gach dugc nghién
cliru bang phuong phap nhiéu xa tia X (D8
Advance BRUKER - Pirc). Su bién ddi cua
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mau theo nhiét do duge nghién ciru bang
phuong phap phan tich nhiét vi sai quét (Labsys
TG/DSC SETARAM (Phap)). Hinh thai cua
mau dugc nghién ciru bfmg SEM (JEOL, Nhat
Ban) Thanh ph:"m hod hoc cua miu duoc xac
dinh theo TCVN-7131-2001. D0 hap phu voi
cua cac mau dugc xac dinh theo TCVN
3735:1982.

3. Két qua va thio ludn

Thanh phan hoa hoc ciac mau nghién nghicn
cuu duge trinh bay ¢ bang 2.

Bang 2. Thanh phin hoa hoc cua cac mau gach My Khanh

_Ham luong (%0)

Mau Sio- ALO;  Fe.0,  CaO MO KL0 N0 10, MKN
VMK 60.15 22,78 431 0.12 047 2,79 0.23 0.82 8.05
RMK 1 5972 2039 527 0.13 0,82 2,33 0,19 0,82 9.97
RMK2 66,75 18,16  7.19 0,24 1,58 2,66 0,18 114 1,59
VGMK3 6539 19,12 811 0.32 1.89 3,04 0.44 112 1.08
VDEMK3 60,73 18,64 7,75 0,26 1,40 3,04 0.23 0.91 6.40
MK 4 6845 1689 687 0,3 144 3,13 9.28 0.94 1.17
MKS 64,77 19,60 8,04 0.33 1,07 2.33 0.17 0,92 1,27

(MKN. Licong mdt khi nung)

Két qua phan tich thanh phan hoa hoc cho
thay:

- T4t ca cac mau déu chira chu yéu la SiO,,
ALO; va Fe,0, (chiém 93-95% khdi luong)
Tuong tu nhu thanh ph?ln hoa hoc cua dat sét
thuéc nhom kaolinite laterite hoa. Thanh phfm
K,O kha cao, cé 1€ con chira mét lugng da géc
chua phong hoa (orthoclase KAISH;Og). Trong
nhi¢u loai cao lanh cia nudc ta ciing c6 thanh
phin K,O cao nhu: Bich Nhéi (2,62%), Son
Min (2,4%), Quang Binh (3,24%) [2]}, A Luo
(2,6 - 3.2%) [3].

- So voi thanh phan hoa hoc cua vat ligu
xay dung nhiéu thip Cham khac, thi gach &
thap My Khanh c¢o diém khac la thanh phan
CaO kha thap (0,1 - 0,3%), trong khi dé. gach &
thap Bing An (5,2%). Canh Tién (2.2%), Hoa
Lai (2,5%), Banh it (3,2%) [1]. Diém gidng
nhau giira gach thap My Khanh va mau vat li¢u
xay dung & nhiéu thap Cham khac la luong
MKN kha cao nhu: Mau VDEMK3 (6,4%),
RMK1(9,97%), VMK (8,05%), va theo [1] thi
MKN cua gach Canh Tién 1a 6,54%. gach thap

G My Son 6,7%, gach Chién Dan 6,44%%, gach
2A Cat Tién (Lam [)5ng) 8,9%... Diéu nay co
thé dat ra 2 gia thict:

+ Gach chi m&i duge nung & nhiét do thz'ip
dudi 800°C nén chua phan huy hét nudc cua
nhom hydroxil trong cac bat dién AlOH), ciia
khoang sét, va luong MKN day la nudc do
nhom OH phan huy

+ Khi nung gach xong, nguoi ta dang ky
thuat mai chdp voi sy co mat cua nhot cay o
dudce va nudc. Nhot cdy 6 dude hoa tan trong
nude thim vao trong long vién gach va dong
vai trd két dinh céc vién gach. Luong nhdt cay
6 duac con lai trong Iong vién gach dong vai tre
chinh cua MKN.

Pé gop phan lam sang to van dé nay. chung
tdi nghién ciru cau truc va sur bién doi cda vat
licu gach bing phuong phap nhiéu xa tia X
(XRD) va phuong phap phan tich nhiét vi sa
quet (TG-DSO).

Thanh phﬁn pha tinh thé cua cac mau gach
duoc xic dinh bang phuong phap nhidu xa tia
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X. Két qua phin tich XRD (hinh 2) cho thay
pha tinh thé chu yéu trong 7 mau gach nay la
thach anh (Si0;) ¢ goc 26'8 (dyg = 3.34) voi
cuong do cao nhat. O mau MK (ca phz“m VO
ngoai va rudt den phia trong déu co mat
phenspat kali (orthoclase). biéu nay dugc xac
nhan tir thanh phin K,O trong cac mau. Dang
chu v la thanh phin AlOj; va SiO- trong cac
mau déu rat cao nhung phd XRD cua VKI,
RMK I, RMK2 va VDE MK3 déu chua xuat
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(3A1,05.2810,). Diéu do chung to cac mau gach
nay chi méi nung dén khoang 800-900°C. O
khoang nhiét d§ do, tat ca nuoc cdu tric cung
da phan huy hét. Vay lugng MKN co & do vat
chat hitu co xam nhap vio trong qua trinh mai
chap cac mau gach di nung xong. Dé lam sang
to van dé nay, ching téi tién hanh ghi gian do
phan tich nhiét cia 3 miu ¢o luong MKN cao
va nim trong ving ¢6 mau den (RMKI,
VDEMK3) hodc sat gan mau den (VMK1).
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Hinh 2. Gian d¢6 XRD cua cac mau gach.

D¢ khao sat cac qua trinh chuyén hoa xay ra
khi nung, cac mau gach dugc phan tich nhiét vi
sai quét.

K¢t qua phan tich nhiét cua mdt sé maiu
gach (hinh 3) cho lhz‘iy: surgiam khi luong cua
cAc mau xay ra tor 100 dén 700°C & day chi co
thé quy cho su ddt chay chat hiru co ngam trong
mau gach do qua trinh mai chip véi su co mit

clia nhot ciy 6 dudc. O cac mau mau den
(VDMK3, RMK1) do khi dua dén chua duge
ghi ngay con pha: chd 4 ngay sau nén co pic
mat nudc hap phu & khoang 100°C con mau
nam gan vung mau den (VMK1) sy mat khéi
luong chi x:iy ra trong mdt khoang nhié¢t do tir
100 dén 700°C. Gia trj giam khdi lugng cua tat
ca cac mau déu phi hop véi MKN & bang 2.
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Hinh 3. Gian d& TG-DSC cia cac miu VDMK3 (A), RMK 1 (B), VMK (C).

Theo du doan cua ching tdi, cic miu gach
chi m&i nung dén khoang 800-900°C, do d6 oxit
silic va oxit nhém ¢6 1& déu dang & dang hoat

tinh. D¢ xac minh dic¢u nay, chang t6i kicm tra
do hap phu voi cia mét s6 mau gach.

Bang 3. Do hap phu voi cua mét sé mau gach thap My Khanh

Ki hi¢u mau

D6 hap phu voi

VMKI1 RMKI1 VMK3 RMK3 RMK2 MK2 MK5 BMKd BMKx

(mg CaO/g) 68,99 73,51 985

18,7 26,3 23,0 38,2 333

Két qua xac dinh do hat voi ciia mot sé mau
gach (bang 3) cho thay: cac miu gach nay déu
co chira Si0, va AlO, hoat tinh tuong tu dat
puzolan, nghia la vat li¢u co tinh axit dé phan
tng v&i vat liéu dang bazo nhu xi mang
portland. Theo ching t4i, day la diéu can quan
tam doi vai cong tac trang tu sau nay.

Hinh thai cta cac miu duoc nghién ciru
bing phuong phap SEM. Két qua cho thiy bé
mat cac mau gach déu rat xop, c¢6 nhicu 16 rong
day dac ¢ 0,01 um. Trong d6 c6 nhimg 15 1én
vai kich thude 0,1pum. Lac dac ¢6 nhimg héc

lon (RMK b, MK3...) v&i kich thude 1én hon
50um. O hinh VMK, cho thiy ving bé mat
cua vicn gach co dang ludi dan xen vao nhau.
Tat ca cac 16 trong nay la hinh anh cua chit hau
co tron trong dat bi chay khi nung gach. Chung
16i cho rang do la ddu vét cua triu, rom, ra dang
bot min tron vao dat dé dong gach nhim muc
dich 1am cho gach san phim xép, chin déu va
dé mai. O miu RMKla c6 diu vét cha triu bi
chay dé lai. Toan bd bé mat chi 1a nhimg mang
gdm chay dinh vao nhau.
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Hinh 4 Anh SEM c¢iia cac mAn RMK 1a (A), RMK 1h (B). MK3 (C), VMK 1 (D)

Qua két qua nghién ciru cho thiy gach xay
thip Cham My Khanh co chia cac oxit silic,
oxit nhdm hoat tinh (SiO,, Al,O3') chic la sb
oxit nay phan bd ddng déu trong toan vién gach
(46 hut voi ciia cic miu bot khoan cua thap nhu
BMKd va BMKx ¢ bang 5 cing tuong duong
nhu cac miu khac. Trong bang nay chi ¢6 mau
gach nung gia hon c6 d¢ rin cao nhu VMK3,
RMK3, MKS5 cé d¢ hit véi tuong dbi nhé hom).
Do d6 day la vét li¢u cd tinh axit nhay cam vdi
moi trudng bazo. Néu dua chit két dinh co tinh
bazo nhu xi ming portland vao dé gin két cac
vién gach moi vao khdi xay nguyén goc cia
thap thi tai bién gigi gitra hai vién gach cd va
méi sé xdy ra phan g puzolanic:

Ca(OH), + SI0;’ C-S-H

Ca(OH), + Al,0y’ C-A-H

Lam gidm pha poclandit tai bién gidi giira
hai vién gach. Diéu d6 c6 thé tang dd bén lién
két giira hai vién gach nhung lam mét trang thai
cin bang ve lyc lién két trong toan b khéi thap
tai vung d6 c6 thé gop phan lam giam tudi tho
cua thap.

Theo ching t5i dé gin két cac vién gach tai
cac vi tri bi hong cd 1€ nén:

- Diing nhitng loai nhya cdy c6 tinh két dinh
da trinh bay trong [1].Ching t6i nghi rﬁng dé
xay nhirng thap Chim chic can phai sir dung
nhirng loai cdy gé Ién ¢6 nhidu & mién Trung
nhur Ciy Chai - Shorea (Bleo) thudc ho dau
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Dipterocarpaceae. Day la loai cdy go cao 30-
40m duong kinh té1 1,2m thuong gap ¢ Binh
Dinh, Dong Nai, Tay Ninh. Loai cdy nay go
khong tét nhung quan trong vi cé rit nhiéu
nhua mau vang nhat, nhua Chai dung trong ky
nghé son hodc tron vai dau rai dé xam thuyén
(4, 5]. Cay dau rai - Dipterocarpus alatus Roxb
thudc ho dau. Day la loai cay go cao tdi 30-40m
c6 cdy cao tdi 500m, vo cdy mau xam trang.
Loai cay nay thuong moc hoang & rung ram co
nhiéu tir Nha traag tro vao ngudi ta thuong khai
thac nhua quanh nam {2,4].

- Tham do ding loai chat két dinh vé co ¢6
tinh axit nhu xi mang manhézit, xi ming
nhom...

4. Két luan

Cac miu gach déu dugc san xudt tir dat sét
cia | ving dat laterite. Khi tao gach c6 thém
trdu, rom, ra... dé lam tang do x6p va ting
lrgng nhiét lac nung. Cac mau gach chi dugce
nung & nhiét d¢ thap (dudi 900°C). Trong qua
trinh xdy dyng b%\ng ki thudt mai chap voi sy O
mat ctia nhot cay 6 dude da lam tham hep chat

hiru co nay vao trong gach 1a0 nén cic vung
den trong vién gach. Luong chat hitu cu nay chi
bi phan huy ¢ nhiét do cao, tr 150 - 700°C. Do
thao tac thu cong nén vang den trong ¢a: vién
gach khac nhau, phan bd khong dong déu.
Luong chét hiru co nay dong vai tro ké dinh
cac vién gach lai trong qua trinh xay thip ma
con lam ting d¢ kin cua cac khoang tronz (gan
nhu chan khdng) gitra cac vién gach gop phan
tang dé dinh két cua chung.
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Bai bdo trinh bay nhirng két qua nghién cic mau gach cd xdy thap Cham My Khanh, Thira Thién
Hué. Két qua phan tich thanh phin hoa hoc, (X-ray diffraction) XRD, (Thermal Gravity-Differential
Scanning Calorimeter) TG-DSC, (Scanning Electron Microscope) SEM, va d¢ hat voi cua cac mau
gach cho théy chung dugc san xuat tur dat sét voi trau, rom ra, va nung két khdi @ nhiét do dudi 900°C.
Day la loai gém x6p giau SiO, hoat tinh, c6 tinh axit, khong bén trong méi trudmg c6 tinh bazo nhur xi

mang.



